This study evaluated the effect of seed fermentation processing on the germination and seedling performance of Irvingia wombolu. The experiment was conducted at the Teaching and Research Farm of the Delta State University, Asaba Campus, Nigeria. The results revealed a highly significant (P = 0.001) effect of seed fermentation on germination percentage, plant height, number of leaves, leaf area and dry weight. Germination percentage ranged from 0% to 50% in 2-4 weeks to 0 week fermentation. Fruit fermentation is not recommended and Irvingia wombolu seeds should mechanical depulped and sown immediately they are collected.
INTRODUCTION
Irvingia wombolu and I. wombulu commonly called bush mango or dika nut are an important high-value indigenous multi-purpose tree species found in West and Central Africa (Harris, 1996; Lowe et al., 2000; Atangana et al., 2002) . These species produce the edible nuts widely marketed within and outside the region (Leakey, 1999; Ladipo, 2000) and form an important diet providing carbohydrates, oils and proteins to enhance health and nutrition (Fajimi et al., 2007) . The fruit of Irvingia gabonensis has a sweet mesocarp and it is eaten fresh while that of Irvingia wombolu is sour and is not consumed locally (Okafor, 1975; Leakey, 1999; Fajimi et al., 2007) .
Most of the trees that are at present of great importance to farmers have been growing in the wild, as they have not been domesticated. Constraints to domestication of the species include the long gestation period of seed sown trees (Moss, 1995; Ladipo et al., 1996) , poor germination capacity ( Nya et al., 2000) variability of fruits and kernel characteristics, variability in tree size ( Ladipo et al.,1996 , Schreckenberg et al., 2001 ) and limited knowledge base . Although bush mango is recently being domesticated, less than 10 percent of the total annual harvest of fruits or kernel is harvested from planted trees while the rest are collected from the natural forests (Ladipo, 2000) . Seed is the common propagation material for most tropical tree species (Bowes, 1999) . Propagation from seed is inexpensive and usually effective, and is therefore a viable method for their ex-situ conservation (Abirami et al., 2010) . Obviously, an understanding of seed physiology could expectedly contribute to the effort of seed-based in-situ conservation as well as ex-situ cultivation (Sharma and Sharma, 2006) . The proper handling of seed through the processes of ripening or maturation, collecting, processing, storage (if needed), dormancy, stratification and germination is required for success in producing a new seedling. Often, seed ripening and collection does not correspond with the time of seedling production, while some species do not produce seeds all year round. Seed storage is therefore vital to secure the supply of good quality and quantity seeds for planting programme (Onyekwelu and Fayose, 2007; Siddique and Wright, 2003) .
According to Willan, (1985) if seeds are not extracted in the field, great care must be taken of the fruits both in the forest and during transport. Bulk quantities of fruits in high temperature and humidity are very susceptible to deterioration through the action of moulds and other fungi and through overheating due to a high rate of respiration. The majority of seeds in the humid tropics are recalcitrant, include a number of large seeds that cannot withstand appreciable drying without injury and as a result there is high rates of seed spoilage. Since recalcitrant seeds (and their fruits) respire actively, they require good ventilation. If large quantities are closely packed, suffocation, physiological breakdown, fungal growth, and overheating will occur resulting in rapid death of the seeds. The seeds of species with fleshy fruits are enclosed with soft pulp that can decay and cause injury (Schopmeyers, 1974) . The fleshy tissues or pulp should be removed to prevent damage to the embryo from spontaneous heating or an imbibiting substance (MacDonald, 1986) . For extraction of small seed lots, fruits may be cut open and seeds scooped out or allowed to rot and treaded in tubs or rubbed through screens (Steiner and Letizia, 1986: Hartmann et al., 2007) . Commercial processing or seed extraction of plants with fleshy fruits such as berries, pomes and drupes may involve maceration, fermentation and chemical treatment (Desai et al., 1987) . Macerated fruits placed in barrels or vats are allowed to ferment for up to 4 days at about 21 0 Celsius. Extraction by fermentation for some seeds such as tomatoes may help control bacterial canker (Liptay, 1989) . There are several reported methods for the obtaining the kernels from Irvingia fruits. Traditionally the fruits are piled up in heaps and left to ferment before the seeds are extracted (Ejiofor 1994) . Alternatively, the fruits can be split open with a cutlass to reveal the hard seed inside (Ladipo et al., 1996; Ayuk et al. 1999) .The fresh fruits of I. gabonensis have a shelf life of less than 2 days if picked when ripe and not more than 10 days if harvested at the mature green stage due to high respiration rate, moisture loss and microbial attack Aworh 1991, 1992) .
Presently, farmers maintain mature bush mango trees that are already grown on their land and will also transplant seedlings onto their farms (Ayuk et al., 1999) . New seedlings are also raised from selected seeds from trees that are known to produce high yields of good fruits or from seeds procured from the market. However, the most common source of new stock for cultivation is from the forest (Tchoundjeu et al., 1997, cited by Ainge and Brown, 2001 ). According to Nya et al. (2006) , one major difficulty in Irvingia wombolu domestication is related to its poor seed germination potential which is less than 50% germination capacity when freshly collected and sown and this can be increased considerably by pre-germination treatment. Therefore for nursery establishment of a particular species for the production of maximum number of quality seeding with minimum cost, time and labour, appropriate seed pre-treatments are required (Hossain et al., 2005) . While pre-germination trials aimed at enhancing the germination of many tropical species have been reported (Awodoyin et al., 2001; Aduradola et al., 2005; Nya et al., 2006) , no studies on the effect of seed fermentation processing on the seedling emergence and growth of Irvingia wombolu have been carried out. The objective of the study is to evaluate the germination and seedling performance of I. wombolu as influenced by duration of fermentation during seed processing.
MATERIALS AND METHODS
The experiment was carried out at the Delta State University, Asaba Campus (06º14´N and 06º49´E) in Oshimili South local Government Area of Delta State, Nigeria. Asaba lies in the tropical rainforest zone with annual rainfall range of 1500mm to 1849.3mm. Mean temperature are 23.3ºCelsius with a maximum of 37.3ºCelsius. Mean monthly soil temperature at 100cm depth and sunshine is 28.3ºCelsius and 4.8 hours respectively (Asaba Meteorological Centre 2003) Four hundred fruits of I. wombolu were procured from fruit collectors at Ossissa, Delta State. The seeds were depulped and for natural fermentation, the slurry containing seeds were placed in plastic containers and kept for 0, 1, 2, 3 and 4 weeks respectively. The seeds were cleaned at the end of the period allotted before sowing. The planting media consisted of topsoil filled into 45cm x 45cm x 30cm germination boxes. The seeds were sown in the media and arranged in a completely randomized design. Each treatment was replicated 4 times with daily watering to field capacity. The parameters assessed weekly included germination percentage, plant height, leaf number, and leaf area, seedling biomass production was assessed 8 weeks after sowing.
The seed germination criterion was visible protrusion on the soil surface of at least 0.5cm of the cotyledon and hypocotyls of the seedlings. At the end of the experiment, five seedlings from each replicate were randomly selected and uprooted. The uprooted seedlings were then separated into leaf, stem and root components and dried in an electric even at 70 degree Celsius until a constant weight was obtained for biomass assessment.
Data collected were subjected to analysis of variance (ANOVA) and significant means were separated by Fisher's Least Significant Difference (LSD) at 5% level of probability, using Genstat 3 Discovery edition (Genstat 2007). Prior to ANOVA, all percentage data were arcsine transformed, plant height, leaf area, and dry weight data were log transformed while the number of leaves was square root transformed, (Gomez and Gomez 1984) .
RESULTS
Effect of seed fermentation on germination percentage is highly significant (P < 0.001) with 0 week displaying higher percentage than 1 week, which is in turn higher than the rest treatments when rooting commenced in Weeks 3, (Table 1) . This trend was maintained throughout the period of the trail such that at the final assessment at Week 8, germination was 41.5% in 0 fermentation and 49.9 % in 1 week fermentation. The viability of the seeds were apparently lost when the seeds were fermented beyond 1 week as no seeds germinated in the 2 week to 4 week seed fermented treatments.
Similarly, seed fermentation effect on plant height was highly significant overall (P < 0.001) with the 0 week and 1 week treatments had higher values (though not different from each other) than the rest treatments at Week 5.
This trend was also maintained with 0 week recording higher values than 1 week till Week 8, (Table 2) Treatment effect on number of leaves is also highly significant (P < 0.001) with 0 week and 1 week not different from each other but different from the rest treatments at Week 5. At Week 6 onwards till the final assessment at Week 8, 0 week recorded significantly higher values than 1 week which in turn was higher than the rest treatments, (Table 3) .
Treatment effect on leaf area was highly significant overall (P < 0.001). From Week 5 to the final assessment at Week 8, 0 week recorded higher values than 1 week, which in turn is higher than the rest treatments, (Table 4) .
Similarly, treatment effect on plant dry weight was highly significant (P < 0.001). 0 week recorded higher leaf dry weight than 1 week which in turn was higher than the rest treatments. Similar tread was recorded with stem dry weight, root dry weight and total dry weight, ( 
DISCUSSION
The results obtained from this study indicate that Irvingia wombolu responded to seed fermentation treatments. In general, fermenting the seeds for 0 to 1 week was not detrimental to germination. However, the unfermented seeds exhibited a higher germination percentage compared to the 1 week fermented seeds. Thus it is speculated from the result obtained from this study that fermenting the seeds beyond 1 week had substantial impact on the viability of the seeds of the species. This result contrasted that findings of Mabundza et al. (2010) who obtained significant improved germination by fermenting the passion fruit seeds in 10% sucrose solution for 14 days. They attributed the improved performance of seeds treated with sucrose to a supply of readily available carbohydrates for respiration during germination and development of seedling's roots as sucrose is a major form in which the products of carbohydrates catabolism are translocated into developing seedlings. Although extraction by fermentation is recommended for some seeds such as tomatoes, over fermentation may lead to sprouting of the seeds or reduce viability (Liptay, 1989) .
The lack of germination in the seeds fermented beyond 1 week may be a consequence of seed death, which may be due to imbibition, oxygen starvation and elevated temperature during fermentation. This agrees with Hartmann et al. (2007) who pointed out that excessive fermentation reduces seed viability. Kramer (1983) attributed the harmful effect of extended pre-soaking to restriction of oxygen supply during some critical metabolic stage of germination. The 50% germination recorded in the unfermented seeds which were stored dry for 4 weeks before sowing, when compared with the result obtained by Nya et al. (2006) , suggests that I. wombolu seeds are recalcitrant and are best sown immediately the fruits are harvested or picked from the forest floor.
Fermentation also negatively influenced other growth parameters measured such as plant height, mean number of leaves, leaf area and dry matter accumulation, with the unfermented seeds performing better. This is not surprising as the above stated parameters are indicative of meristermatic activities and subsequent growth over time. Since the unfermented seeds were not subjected to oxygen starvation and other physiological stress during fermentation, they exhibited higher germination percentage and subsequent higher seedling vigour when compared to the fermented seeds.
CONCLUSION
The results revealed a deleterious effect of fermentation on the germination of the species, thus fermenting the seeds of I. wombolu beyond one week could impede viability. This study has further confirmed that I. wombolu seeds are best sown immediately the fruits are harvested or picked from the forest floor.
